PGs (proteoglycans) are proteins acquiring long, linear and sulfated GAG (glycosaminoglycan) chains during Golgi passage. In MDCK cells (Madin-Darby canine kidney cells), most of the CS (chondroitin sulfate) PGs are secreted apically, whereas most of the HS (heparan sulfate) PGs are secreted basolaterally. The apical and basolateral secretory routes differ in their GAG synthesis, since a protein core that traverses both routes acquires shorter chains, but more sulfate, in the basolateral pathway than in the apical counterpart [Tveit, Dick, Skibeli and Prydz (2005) J. Biol. Chem. 280, [29596][29597][29598][29599][29600][29601][29602][29603]. Golgi cisternae and the trans-Golgi network have slightly acidic lumens. We therefore investigated how neutralization of endomembrane compartments with the vacuolar H + -ATPase inhibitor Baf A 1 (bafilomycin A 1 ) affected GAG synthesis and PG sorting in MDCK cells. Baf A 1 induced a slight reduction in basolateral secretion of macromolecules, which was compensated by an apical increase.
INTRODUCTION

V-ATPases (vacuolar H
+ -ATPases) display a predominant apical localization in several epithelial tissues. The distal renal apical proton pump is important for acid secretion and to normal systemic pH. Mutations in the apical proton pump B-subunit not only result in acidosis, but also in hearing loss [1] . Another protein that localizes apically [2] in epithelial cells is the CFTR (cystic fibrosis transmembrane conductance regulator), which also has been implicated in pH regulation, probably through indirect effects [3] . In cystic fibrosis, where mutated CFTR is absent from the apical cell surface, oversulfation of PGs (proteoglycans) has been reported for certain tissues [4] .
Cancer cells of epithelial origin display elevated pH values in the Golgi lumen compared with non-transformed cells. A more alkaline Golgi pH seems to correlate with altered glycosylation [5] [6] [7] . PGs are implicated in several aspects of cancer development. We have previously observed that differentiated and undifferentiated CaCo-2 cells display different HS (heparan sulfate) O-sulfation patterns [8] . All in all, several lines of research indicate that the luminal pH of the secretory pathway might influence PG synthesis. The synthesis of GAGs (glycosaminoglycans), the long, linear sugar chains of PGs, might start as early in the secretory pathway as the ER (endoplasmic reticulum) or ERGIC (ER-Golgi-intermediate compartment). After initial addition of the first four sugar units (the linker tetrasaccharide), the further polymerization of HS chains has been shown to occur in Golgi cisternae, while completion of CS (chondroitin sulfate) PGs takes place in the TGN (transGolgi network) in most cell types (reviewed in [9] ). We have previously shown that CS PGs are primarily secreted from the apical membrane of epithelial MDCK II cells (MadinDarby canine kidney II cells) [10, 11] , whereas HS PGs are to a large extent secreted basolaterally. Recently, however, we have also shown that apically secreted PGs are less intensely sulfated and carry shorter CS-GAG chains than their basolateral counterparts, even when the same protein core is studied [12, 13] . The possibility that the apical and the basolateral secretory pathways are partially or completely segregated in the Golgi apparatus, and the fact that V-ATPases are preferentially transported to the apical surface, led us to investigate the effect neutralization of endomembrane compartments has on GAG synthesis.
The V-ATPase proton pump is the major acidificator of endocytic and secretory organelle lumens [14] . V-ATPase activity has been suggested in the ERGIC [15] and demonstrated in the TGN [14, 16] . A slightly reduced luminal pH has been proposed for the Golgi cisternae (pH 6.2-6.6) [17, 18] , but an acidic interior of the compartments preceding the TGN is not a consistent finding for all cells (reviewed in [19] ). Classical studies have shown that treatment of MDCK cells with NH 4 Cl gave a general shift towards more apical secretion at the expense of the basolateral pathway [20, 21] . Thus neutralization of a slightly acidic environment might influence partitioning of macromolecules into the apical and basolateral routes [19] , but NH 4 Cl treatment could also have several side effects. Few studies have addressed pHrelated changes in protein core distribution and post-translational modification.
To this end, we have metabolically labelled MDCK cells in the presence (and absence) of the specific V-ATPase inhibitor Baf A 1 (bafilomycin A 1 ), to study polymerization and modification of GAG chains through a neutralized Golgi apparatus. In the presence of Baf A 1 , we observed both an increase in CS sulfation and a larger relative content of longer HS chains in the apical secretory pathway, whereas basolateral GAG synthesis was essentially unchanged. The observed changes resulted in a more similar output of GAGs from the two pathways.
EXPERIMENTAL
Materials
Baf A 1 was a gift from Astra-Zeneca. BSA, Triton X-100, Dextran Blue, N-ethylmaleimide, ε-aminohexanoic acid, PMSF, L-methionine, L-cysteine, SDS (Sigma D0422) without methionine, cysteine and glutamine with the addition of 1 % glutamine and 2 % FCS. Culturing of MDCK cells expressing SG (serglycin)-GFP (green fluorescent protein) (MDCK II) was performed as described previously [12] . Apart from the initial experiments ( Figure 1A ), all labelling experiments were of 24 h duration. Incubation in the presence of Baf A 1 did not reduce the integrity of tight junctions, as verified by measurements of the TER (transepithelial resistance) with a Millicell-ERS apparatus (Millipore). To this end, cells were plated on 12 filters as described above, and the TER was measured after 3 days at 37
• C and 5% CO 2 . Then, Baf A 1 was added to a final concentration of 0.5 μM to the apical and the basolateral media of six of these filters and all 12 filters were incubated further at 37
• C and 5% CO 2 . The TER was then measured after 3, 6 and 24 h. The experiment was carried out twice and the TER ranged between 1410 and 2350 · cm 2 for all filters at all time points, and there was no significant difference between control and Baf A 1 -treated filters. 
Radioactively labelled macromolecules
Ion-exchange chromatography
Metabolically labelled macromolecules from cell and medium fractions obtained by Sephadex G-50 Fine chromatography were subjected to preparative ion-exchange chromatography. The samples were loaded on to columns (1 ml wet gel), in 50 mM 
SDS/PAGE
Samples from metabolically labelled cells were boiled in sample buffer with 1 % (w/v) SDS and applied to precast 4-20 % gradient Criterion gels (Bio-Rad Laboratories), together with 14 C-labelled Rainbow standards (Sigma). After electrophoresis, the gels were fixed, treated with Amplify, dried and subjected to phosphoimage exposure and scanning in a Typhoon phosphoimager with ImageQuant TL version 2003.02 (GE Healthcare) and/or autoradiography using an X-ray film (Hyperfilm from GE Healthcare).
NaOH treatment
NaOH treatment releases GAG chains from their protein cores by β-elimination. Samples of PG fractions after ion-exchange analysis and desalting were adjusted to a final concentration of 0.5 M NaOH and incubated for 24 h at room temperature (19) (20) (21) (22) • C). The incubation was terminated by the addition of 5 M HCl to pH 7.0-8.0. The lengths of the free GAG chains were analysed by Sepharose CL-6B (GE Healthcare) chromatography and SDS/PAGE. The elution volumes and K av coefficients were determined relative to the elution of the V 0 marker Dextran Blue and the V t marker K 2 CrO 4 .
Treatment with cABC and HNO 2
Samples from media and cell fractions of approx. 20 000 c.p.m.
(counts/min) were incubated with 0.02 units of cABC as described previously [22] . The degraded material represented CS/dermatan sulfate and hyaluronic acid, and the samples were compared with untreated samples by SDS/PAGE and by gel-filtration chromatography on Sepharose CL-6B columns. The amount of HS PG was determined by degradation with nitrous acid at pH 1.5, as described in [23] .
Gel-filtration chromatography
The GAGs released were treated for degradation with cABC or HNO 2 as described above. Treated and untreated samples were applied to columns (1 cm diameter × 40 cm length) of Sepharose CL-6B (GE Healthcare), along with Dextran Blue and K 2 CrO 4 as internal V o and V t standards respectively. The column was eluted with 0.15 M NaCl in 0.05 M Tris/HCl buffer (pH 8.0) and 0.1 % Triton X-100, at a rate of 6 ml/h. Fractions of 1 ml were collected and analysed for radioactivity in a scintillation counter. The content of CS-and HS-GAG chains was determined from the remaining fraction volumes after HNO 2 or cABC treatment.
IP (immunoprecipitation) of SG-GFP
After preclearing with 60 μl (50:50 slurry) of Protein ASepharose (GE Healthcare) for 1 h at 4
• C, IP of apical and basolateral media was carried out with 1 μl of anti-GFP/ml at 4
• C overnight, before the addition of 60 μl (50:50 slurry) of Protein A-Sepharose for 3 h at 4
• C. The beads were washed six times with IP wash solution (50 mM Tris, pH 7.4, 150 mM NaCl and 0.5 % Triton X-100) with 1 % (w/v) BSA and four times without BSA. Beads were treated or not for GAG degradation, added SDSsample buffer (XT; Bio-Rad Laboratories) and run on XT SDS/4-12 % PAGE with Mops buffer (Bio-Rad Laboratories).
Extraction of HS-and CS-GAG chains and digestion to disaccharides
The isolation of GAG chains was performed as described by Ledin et al. [24] . After the collection of MDCK II cell media after the removal of loose cells by centrifugation, the samples were treated with Pronase (0.8 mg/ml) in 0.5 ml of Pronase buffer (50 mM Tris/HCl, pH 8.0, 1 mM CaCl 2 and 1 % Triton X-100) at 55
• C overnight with shaking. Subsequently, 0.4 mg of Pronase E from Sigma-Aldrich was added and the samples were incubated for three more hours. After inactivation by boiling and adjustment of the samples to 2 mM MgCl 2, 12 m-units of endonuclease (benzonase) from Sigma-Aldrich was added. The samples were then incubated for 2 h at 37
• C and, after heat inactivation of the enzyme, adjusted to a final concentration of 0.1 M NaCl. Subsequently, the samples were centrifuged at 14 000 g for 10 min. The GAG chains were desalted and purified by ionexchange chromatography on 0.3 ml DEAE-Sephacel columns. The gels were primed by washing with 2 M NH 4 HCO 3 and loading buffer (pH 8) (50 mM Tris/HCl, pH 8.0, 0.1 M NaCl and 0.1 % Triton X-100). The supernatants from the digestions were applied, and the columns were washed successively with loading buffer (pH 8.0), washing buffer (pH 4.0) (50 mM sodium acetate, pH 4.0, 0.1 M NaCl and 0.1 % Triton X-100) and 0.2 M NH 4 HCO 3 . The GAG chains were eluted with 3 × 0.3 ml of 2 M NH 4 HCO 3 . The eluates were collected in microcentrifuge tubes and repeatedly freeze-dried in a Maxi Dry Lyo (Heto) until the pH was close to 7. The GAG pools were then digested with 50 m-units of cABC in a final volume of 50 μl of 50 mM Tris acetate buffer (pH 8.0). The CS digestions were performed at 37
• C for 3 h. The incubations were stopped by boiling and then 50 μl of Milli-Q water (Millipore) was added and the mixture was centrifuged. Aliquots of 10 % of the total samples (10 μl) were diluted to 45 μl with filtered Milli-Q water and were analysed using an RPIP-HPLC (ion pair chromatography on a reversed-phase HPLC) system from Dionex. CS disaccharides in the remaining sample fraction were removed by centrifugation through Microcon (Millipore) centrifuge filters. The cleared samples were divided equally and one sample was subjected to enzymatic cleavage by a mixture of heparitinases I, II and III (0.6 m-units of each per sample). Both samples were then diluted to 45 μl and analysed for HS disaccharides. By comparing the two HPLC diagrams, signals from the remaining CS disaccharides could be eliminated. The content of HS disaccharides with different modification patterns was also analysed by RPIP-HPLC with post-column fluorescence derivatization and detection.
RESULTS
Effect of Baf A 1 on polarized secretion of macromolecules
We have addressed the role of acidic compartments in the apical and basolateral secretory pathways of epithelial MDCK cells by neutralizing the lumen of the endomembrane organelle system. Synthesis and secretion into the apical and basolateral media of metabolically labelled macromolecules, particularly PGs, in the presence and absence of 0.5 μM of the V-ATPase inhibitor Baf A 1 , were studied. This inhibitor concentration was chosen after a pilot experiment, where we observed similar effects from 50 nM to 25 μM Baf A 1 , with the most pronounced effects at approx. 0.5 μM (results not shown). We then chose two relatively short incubation times (3 and 5 h), in addition to 24 h, to avoid the possibility that we were studying phenomena secondary to organelle lumen neutralization [19] . The results from all three time points showed the same tendency, 30- Figure 1B) .
Again, an increase in the total incorporation of label was observed in the presence of Baf A 1 , but the increase was much smaller than that observed for [
35 S]sulfate ( Figure 1B ). The increase was again contributed by the apical medium and the cell fraction, whereas there was a reduction for the basolateral medium, similar to that observed for [ 35 S]sulfate-labelled macromolecules.
GAG analysis
The much greater increase in metabolic incorporation in the presence of Baf A 1 for [ 35 [26] and is activated to PAPS (adenosine 3 -phosphate 5 -phosphosulfate) in the cytoplasm. PAPS is either consumed by cytoplasmic sulfotransferases or transported into the lumen of the Golgi apparatus [10] through specific transporters, PAPS transporters 1 and 2 [27] . In the Golgi lumen, PAPS is bound by sulfotransferases that transfer sulfate groups to protein or PG acceptors. Most of the sulfate is incorporated into glycans, either attached to glycoproteins or PGs, but GAG chains carry sulfate groups at variable densities [12] and are therefore not always a quantitative measure of GAG synthesis. We therefore performed metabolic labelling of glycans with [ 3 H]GlcN, which is incorporated uniformly along GAG chains and into N-glycan groups. Also for [ 3 H]GlcN label, Baf A 1 treatment increased the incorporation of label into macromolecules slightly. This increase was again contributed by molecules in the apical medium and the cell fraction (Figure 2A) in Figure 3 ). When analysed by SDS/PAGE, more [ 3 H]GlcNlabelled molecules were detected both in the upper (PG) region of the gel and in the low-molecular-mass region for apical medium and cell lysate samples from Baf A 1 -treated cells ( Figure 2B ). The prominent band in the low-molecular-mass region is the major secretory glycoprotein synthesized in MDCK cells, gp80 (glycoprotein 80), which is preferentially secreted at the apical membrane [28] and with increased stringency on treatment with Baf A 1 ( Figure 2B ) or NH 4 Cl [21] . Since a similar shift towards more apical secretion was also observed for the upper (PG) region, we wanted to investigate whether Baf A 1 treatment introduced any qualitative changes to the [ 3 H]GlcN-labelled molecules. To this end, apical and basolateral medium samples were subjected to DEAE ion-exchange chromatography (Figure 4) . The labelled molecules that bound DEAE were eluted with a salt gradient in two peaks.
The first peak, eluted at approx. 0.25 M NaCl, contained mainly N-linked glycoproteins [verified by PNGase F (peptide N-glycosidase F) treatment; results not shown]. The second peak, eluting at approx. 0.45 M NaCl, contained mostly PGs. This peak was collected from preparative runs of each sample, dialysed and concentrated. The GAG chains were released from their respective PG protein cores by alkaline treatment and subjected to gel filtration on CL-6B columns. GAG chains of two different chain lengths were observed both for apical and basolateral medium samples (Figures 5A and 5B) . Baf A 1 treatment reduced the fraction of shorter chains (K av = 0.9-1.0) in the apical medium and induced more of the longer GAG chains (K av = 0.4-0.5). The nature of the longer GAGs was addressed by specific degradation of HS chains by HNO 2 and CS chains by cABC (Figures 5C-5F ). For the apical samples, there was a remaining shoulder after HNO 2 treatment, and also cABC treatment indicated a minor fraction of CS chains. However, the bulk of the GAGs were HS. The shorter chains could not be distinguished from their degradation products and could be either CS, HS or both. There was no significant change in the chain lengths of basolateral GAGs, for which the longer GAGs were exclusively HS chains. It cannot be excluded that some PGs carrying low-sulfated GAGs could have eluted from the DEAE column in peak 1, masked by the dominating glycoproteins. PGs carrying less sulfate are usually of CS nature [10] .
To fully investigate changes in GAG synthesis induced by Baf A 1 treatment, we degraded the protein cores and DNA before we isolated GAGs by ion-exchange chromatography from the apical and basolateral medium samples of MDCK cells grown under serum-free conditions. We then first degraded the CS chains by selective enzymatic cleavage and performed CS disaccharide analysis on aliquots of this sample. The CS disaccharides remaining in the primary sample were removed by centrifugation with Microcon centrifuge filters. Then the sample was divided into two identical parts, whereof only one was subjected to enzymatic cleavage by heparitinase I, II and III. Both parts were then analysed for HS disaccharides and by comparing the two diagrams, we could eliminate signals from any remaining CS disaccharides in the sample. The content of disaccharides with While the amount of CS-GAG-derived disaccharides did not change significantly in the apical or basolateral media on Baf A 1 treatment, there was a dramatic increase in HS-derived disaccharides for apical samples in the presence of Baf A 1 (Figures 6A-6C ). This is compatible with the observation that there is more of the longer HS-GAG type in the apical medium ( Figures 5C and 5E ).
Sulfation analysis
Disaccharide analysis by HPLC and analysis of GAG chain length by CL-6B gel filtration revealed that much of the increase in for three to six independent experiments. Statistically significant difference in the incorporation of radioactive label into macromolecules is denoted by asterisks using paired Student's t tests (P < 0.0025).
[
3 H]GlcN-labelled macromolecules in the apical medium observed on Baf A 1 treatment was contributed by longer HS chains. However, the decrease observed for the basolateral medium could not be explained by reduced amount of GAGs secreted in this direction ( Figure 6C ). This reduction, and possibly also the Baf A 1 -induced reduction in [ 35 S]cysteine/[ 35 S]methioninelabelled macromolecules basolaterally, was at least to a large extent due to a shift in the secretion pattern of glycoproteins, such as gp80 ( Figure 2B, lanes 1-4) . The dramatic increase in the incorporation of [ 35 S]sulfate label into apically secreted macromolecules in the presence of Baf A 1 (Figure 1) could not be entirely explained by altered polarity of glycoprotein secretion. To resolve the nature of this increase, SDS/PAGE analysis of medium samples from MDCK cells metabolically labelled with [ 35 S]sulfate was carried out. There was a significant shift of label associated with macromolecules from the basolateral to the apical medium in the presence of Baf A 1 . The shift was observed both in the PG and the protein region of the gel lanes, with most of the labelling in the PG (upper) region ( Figure 7, lanes 1-4) . Ion-exchange chromatography of intact PGs and subsequent gelfiltration analysis of isolated GAG chains were carried out as previously described for (Figures 4 and 5) . Again the metabolic label was shifted towards longer GAG chains in the apical medium, whereas the basolateral GAG chains were not significantly affected in the presence of Baf A 1 . A comparison of Figure 5 (A) with Figure 8(A) indicates that the longer GAG chains in the apical medium carry more sulfate compared with the shorter chains and that this difference is maintained in the presence of Baf A 1 . The fact that more [ 35 S]sulfate label was associated with PGs secreted apically in the presence of Baf A 1 could also be observed in Figure 7 (B) (lanes 1 and 2) . 35 S]sulfate in the presence or absence of Baf A 1 (0.5 μM) for 24 h, before the apical and basolateral media were subjected to gel filtration with Sephadex G-50 to isolate the labelled macromolecules. An aliquot from each sample was subjected to scintillation counting, and the relative change in incorporation was found by dividing the c.p.m. in samples from Baf A 1 -treated cells by the c.p.m. from the corresponding control (Ctrl) samples (A). Results are means + − S.D. for nine independent experiments. Statistically significant differences in the incorporation of [ 35 S]sulfate into macromolecules are denoted by asterisks using paired Student's t tests (P < 0.0025). Aliquots of the eluates from the gel filtration were analysed by SDS/PAGE (B). Mw std, molecular-mass standards.
HPLC analysis of the GAG sulfation patterns was carried out ( Figure 9 ) and it showed that the density of sulfate groups along HS chains was not significantly different for HS PGs synthesized in control cells and in the presence of Baf A 1 (Table 1) . Thus the increase in sulfate associated with apically secreted HS PGs was due to the observed increased fraction of longer chains for the HS-GAGs. As described in Figure 6 (C), there was no significant increase in the length of CS-GAGs, but the density of sulfate groups along apically secreted CS-GAGs was approximately doubled on Baf A 1 treatment (Table 1 ). There was no significant change in the sulfate density of basolateral CSGAGs (Table 1) . Thus two specific changes occurred to PGs synthesized in the apical secretory pathway of MDCK cells on neutralization of acidic compartments. First, HS-GAGs became longer, and secondly, CS-GAGs became more densely sulfated. The structure of GAG chains synthesized in the basolateral pathway was essentially unchanged by Baf A 1 treatment. Thus the apical and basolateral secretory pathways of MDCK II cells display differential sensitivity to the neutralizing agent Baf A 1 .
We have previously demonstrated that apically and basolaterally secreted PGs acquire GAG chains of different composition and sulfate intensity, even when it comes to a PG that traverses both pathways [12, 13] . To monitor the effect of Baf A 1 treatment on one particular PG, MDCK cells that permanently express the PG SG with a GFP tag (SG-GFP) were grown on filters and metabolically labelled with [ 35 (Figure 10 ). As previously observed [12] , the minor fraction of SG-GFP secreted basolaterally was several times more sulfated than the apical counterpart, quantified by comparing the incorporation of [ 35 Figure 10 ). The apical secretion of SG-GFP is just slightly increased ( Figures 10A, lanes 1 and 3, and Figure 10B ),
Table 1 Sulfate per disaccharide in the CS-and HS-GAGs
Confluent layers of epithelial MDCK II cells were grown in the presence or absence of Baf A 1 (0.5 μM) for 24 h. Apical and basolateral media were then subjected to gel filtration to isolate the macromolecules before they were subjected to protein and DNA degradation, DEAE ion exchange, cABC degradation, size-exclusion centrifugation and heparitinase degradation before aliquots after cABC and heparitinase degradation were subjected to disaccharide analysis by RPIP-HPLC. The number of molecules of HS or CS disaccharides and the number of sulfate groups in each of the media were calculated from the analysis and were divided by the number of disaccharides. Results are the mean + − S.D. number of sulfate groups per disaccharide for CSand HS-GAGs in each of the media: apical and basolateral control and apical and basolateral Baf A 1 media. Statistically significant differences in the sulfation of GAG disaccharides are denoted by an asterisk using paired Student's t tests (P < 0.005). and the apical SG-GFP GAG output is increased ( Figure 10A , lanes 5 and 7). The incorporation of [ 35 S]sulfate had increased dramatically in the apical pathway, abolishing the difference in sulfation intensity of apically and basolaterally secreted SG-GFP ( Figures 10B-10D) . Neutralization of the secretory pathway with Baf A 1 therefore counteracted a pH-dependent regulatory principle that maintains different sulfation levels of PGs in the apical and basolateral pathways.
CS
DISCUSSION
In the present study, we have explored how the acidic luminal environment in the secretory pathway influences synthesis and sorting of PGs in the apical and basolateral routes to the cell surface in epithelial MDCK cells. Since the main acidificator of endomembrane organelle systems is the V-ATPase, we addressed the effect of one of the most specific inhibitors reported, Baf A 1 .
It is generally agreed upon that the ER has a neutral luminal pH, whereas for the subsequent compartments of the secretory pathway, a slight acidification might occur already in the ERGIC [15] . The most acidic internal milieu of the Golgi apparatus is found in the TGN (pH 6.0-6.2), whereas in cells with regulated secretion, the interior of secretory granules is maintained at pH 5.5 [29] [30] [31] . A rational assumption would be that the most dramatic effects of neutralization would be observed for processes taking place in the more acidic organelles [32] [33] [34] , but effects of pH perturbation have also been demonstrated in compartments of the secretory pathway prior to the TGN [15, 35] . The TGN has been pointed out as an important sorting site for molecules in the secretory pathway of mammalian cells, including epithelial MDCK cells [36] . There are indications, however, that different types of protein molecules in the secretory pathway might be segregated at an early stage, probably in the ER [37] . In addition, some reports have indicated that the apical and basolateral secretory pathways have different abilities to post-translationally modify proteins [38] , even when it comes to the same protein core [12, 13, 39] . Previous studies of acidic pH perturbation of endomembrane compartments in MDCK cells have demonstrated a moderate shift of glycoprotein and PG secretion towards the apical medium [20, 21] , but altered Golgi processing has not been addressed. For other cell types, it has been demonstrated that elevated vesicular pH slows down the kinetics of exocytosis in adrenal chromaffin cells [40] , alters the organization of secretory granules [32, 41] and changes the recycling dynamics of both cellsurface [42] and Golgi [43] proteins. Neutralization of pH in the Golgi apparatus of HeLa and LS 174T cells by Baf A 1 treatment led to redistribution of glycosyltransferases to the cell surface, whereas treatment with NH 4 Cl gave distribution with a different intracellular pattern [5] . A redistribution of Golgi enzymes could be the underlying cause of altered glycosylation and proteolysis patterns after chemical neutralization [6, 34] or in disease states such as cancer [7] .
However, since some pH perturbation methods block or slow down the forward transport of cargo molecules through the Golgi apparatus in some cell types [6, 35, 44] , it is evident that more experiments are required to establish the actual relationship between changes in glycosylation patterns and redistribution of Golgi enzymes. Some proteins, such as the CFTR, arrive at the cell surface with immature glycans obtained in the ER, lacking Golgi modifications. It has been proposed that the CFTR can utilize a brefeldin A-insensitive Golgi-bypass route [45, 46] . If this is the case, then maturation of CFTR glycans would depend 5 μM) . SG-GFP was immunoprecipitated from the apical and basolateral media, and loaded on to an SDS/PAGE gel (A). All corresponding apical and basolateral samples were from the same gel, but intermittent excess control lanes have been removed. Samples with the same metabolic label were exposed simultaneously and identically. Three independent experiments, each with all three metabolic labels, were performed, and all samples were quantified by ImageQuant TL. The results from quantification of for three independent experiments. Statistically significant differences in the incorporation of radioactive label into macromolecules are denoted by asterisks using paired Student's t tests ( * P < 0.01, * * P < 0.0005).
on an endocytic mechanism bringing the protein in the proximity of Golgi transferases after arrival at the cell surface [47] . Such a mechanism would also be Baf A 1 sensitive [48] . A recent paper demonstrated that an autosomal recessive congenital disorder of glycosylation, cutis laxa type II, is caused by mutations in a V-ATPase subunit [49] . Altered N-glycosylation patterns were detected for serum proteins, but the developmental abnormalities of connective tissue could not be explained by these findings. The authors did suggest, however, that changes in dermatan sulfate/CS synthesis could be involved. Along the lines of this suggestion, we provide in the present study the first evidence that a more alkaline Golgi environment induces changes in PG synthesis. We observed two significant changes to PG synthesis on neutralization of the secretory pathway in MDCK cells, and both were confined to PGs traversing the apical secretory route. The average length of HS chains increased, but the density of sulfate groups remained the same, whereas on the other hand, the sulfation intensity of CS chains increased, without any increase in the average chain length. There was no evidence of any impairment of synthesis and processing of glycoproteins, since incorporation of GlcN into and sulfation of N-glycans were not inhibited by Baf A 1 treatment of MDCK cells. Since such changes have been reported for other classes of molecules in other cell types [6] , it is obvious that differences that depend on cell type and the molecules in question might exist. A shift towards more apical staining in MDCK cells of the basolateral membrane marker gp58 in the presence of Baf A 1 has previously been observed [50] . Such a shift is in agreement with the observed change in the apical to basolateral secretion ratio on treatment with Baf A 1 and NH 4 Cl [20] . We have expressed the basolaterally localized PG Syndecan-1 [51] with a GFP tag in MDCK cells and observed the cellular localization in control and Baf A 1 -treated cells. The basolateral localization was well preserved in the presence of Baf A 1 . In addition, there was more intracellular and apical staining (results not shown). The intracellular staining was in all likelihood a result of reduced degradation on neutralization of lysosomes, whereas the enhanced apical staining could be a result of the slight increase in apical to basolateral transport ratio and possibly also to reduced degradation. In MDCK II cells, Baf A 1 treatment affects neither the TER of the epithelial monolayer nor the polarized secretion pattern of glycoproteins such as gp80. The specific changes occurring to GAG synthesis we have reported here are more likely to be due to changes in the internal milieu and organization of the compartments in the secretory pathway of MDCK cells, particularly the Golgi apparatus.
Further studies of the spatial and enzymatic organization of the apical and basolateral secretory pathways of epithelial cells [39] are required to characterize the physiological impact of the selective response to neutralization observed for PGs in the apical pathway of epithelial MDCK cells.
